The levels of squamous cell carcinoma antigen (SCC-Ag) and C-reactive protein (CRP) can be used to predict tumor invasion, lymph node metastasis, staging and survival in patients with oral cavity cancer. The present study analyzed the relationship between pre-treatment levels of SCC-Ag and CRP in relation to clinicopathological factors in patients with pharyngolaryngeal cancer (PLC) and determined whether elevated levels of CRP and SCC-Ag were associated with tumor metabolic activity via [18F] fluorodeoxyglucose positron emission tomography (FDG-PET). We retrospectively recruited one hundred and six PLC patients between June 2008 and December 2011. All patients received computed tomography (CT)/ magnetic resonance imaging (MRI) and FDG-PET staging analyses, and the serum levels of SCC-Ag and CRP in these patients were measured prior to treatment. A SCC-Ag level $2.0 ng/ml and a CRP level $5.0 mg/L were significantly associated with clinical stage (P,0.001), clinical tumor status (P,0.001), and clinical nodal status (P,0.001). The elevation of both SCC-Ag and CRP levels was correlated with the standardized uptake value (SUV) max of the tumor ($8.6 mg/L) and lymph nodes ($5.7 ng/ml) (P = 0.019). The present study demonstrated that the presence of high levels of both pre-treatment SCC-Ag and CRP acts as a predictor of clinical stage, clinical tumor status, and clinical nodal status in patients with PLC. Moreover, elevated levels of SCC-Ag and CRP were associated with a high metabolic rate as well as the proliferative activity measured according to the SUVmax of the tumor and lymph nodes. Therefore, elevated levels of these two factors have the potential to serve as biomarkers for the prediction of tumor aggressiveness in cases of PLC.
Introduction
Head and neck cancer is the fourth most common cancer and leading cause of cancer-related deaths in Taiwan. [1] Amongst them, pharyngolaryngeal carcinoma (PLC) and oral cancer are prevalent and are associated with adverse lifestyles, including habitual tobacco, areca-quid (AQ) and alcohol use as well as human papilloma virus (HPV) infection. [2, 3] .
Knowledge of prognostic factors would be beneficial when evaluating and counseling patients with these cancers. Notably, HPV infection status has been strongly associated with the therapeutic response and survival of oropharyngeal cancer patients; however, it was not shown to be related to tumor stage or clinicopathological factors. [3] Preoperative squamous cell carcinoma antigen (SCC-Ag) level is a marker for pathologic lymph node metastasis, advanced tumor stage, and an increased rate of distant metastasis in patients with oral squamous cell carcinoma (OSCC). [4] Elevated serum CRP, a sensitive marker of inflammation and tissue damage, has been correlated with shorter survival in cancer patients [5, 6, 7, 8] Importantly, the combined use of these two factors is useful in the stratification of OSCC patients receiving radical surgery. [9] However, their significance in patients with pharyngeal and laryngeal cancers has not been carefully addressed.
Fluorodeoxyglucose positron emission tomography (FDG-PET) is a well-established tool for evaluating head and neck cancer. [10] The maximum standardized uptake valve (SUVmax) serves as a semi-quantitative simplified measurement of the tissue deoxyglucose metabolic rate and has been correlated with tumor proliferation rate, tumor grade and the expression of glucose transporters. [11] A high FDG uptake value is generally associated with a less favorable outcome. [12, 13, 14] For example, FDG uptake in breast cancer is correlated with markers of biological aggressiveness that can normally only be evaluated in vitro postoperatively, including mitotic count and the Ki-67 labeling index. [15] Accordingly, hypermetabolic breast tumors typically receive a poorer prognosis than those that are hypometabolic, demonstrating the relevance of FDG-PET/computed tomography (CT) analyses to tumor biology. [15] .
In this study, we investigated the significance of SCC-Ag and CRP levels in PLC patients and their relationship with various clinicopathological factors as well as 18F-FDG uptake levels on PET scans.
Patients and Methods

Patients with Pharyngolaryngeal Cancer
We retrospectively reviewed the charts of all patients newly diagnosed with PLC at our institute between June 2008 and Aug 2011. Patients with distant metastases at diagnosis or who were lost to follow up following diagnosis were excluded. Follow-up commenced at the time of cancer diagnosis and, for this study, completed at the earlier of either December 2011 or death. All patients were evaluated preoperatively with history, examination, routine bloods, chest radiograph, liver ultrasound, FDG-PET and either CT or magnetic resonance imaging (MRI) of the head and neck. [16] .
Treatment of PLC
All patients were staged as per American Joint Committee on Cancer guidelines (AJCC, 2010 edition; [17] ) and treated according to their clinicopathological features. As previously described, chemotherapy was administered on an outpatient basis in 14-day cycles and comprised 50 mg/m 2 cisplatin (P) on Day 1 followed by 800 mg/m 2 oral tegafur (T) per day and 60 mg oral leucovorin (L) per day for 14 days (PTL regimen). [18] In the chemotherapy/radiotherapy group, chemotherapy was terminated after three cycles if there was little-or-no tumor response. In responders, PTL regimens were continued for up to six cycles before radiotherapy. Patients with good partial responses at the primary site after neoadjuvant chemotherapy received radiotherapy or CCRT for organ preservation.
Radical surgery involved wide excision of primary tumors with at least 1 cm peripheral and deep surgical margins. Patients with advanced tumor stage (T3 or T4), lymph node extra-capsular spread (ECS), tumor depth $10 mm or poor tumor differentiation received postoperative radiotherapy or CCRT 4-8 weeks after surgery. [19, 20] .
Radiotherapy involved a three-field technique and consisted of conventional bilateral opposing fields with a matching anterior lower neck portal. Daily fractionation size was 1.8 or 2 Gy and five fractions were delivered per week. The planning target volume was created by adding a 5 to 7 mm margin to the clinical target volume. For the group receiving radical surgery first, the postoperative radiotherapy dose was 60-68.4 Gy, depending on the pathology risk factor; for the organ preservation group, the dose range was 68.4-76 Gy.
Measurement of CRP and SCC-Ag Levels
Pre-treatment serum levels of CRP and SCC-Ag were measured in a fresh blood sample obtained at the time of diagnosis, prior to any form of medical intervention, to minimize inter-individual differences. Serum CRP levels were detected with a highsensitivity assay (Sekisui Medical Co., Tokyo, Japan) using an auto-analyzer (Hitachi 7600-210; Hitachi Medico, Tokyo, Japan). Serum SCC-Ag level was measured using a commercially available chemiluminescent microparticle immunoassay (Abbott Japan Co., Ltd., Tokyo, Japan). Serum CRP cutoff was set at 5.0 mg/L as this level is internationally agreed to indicate inflammation. [8] The reference cutoff for serum SCC-Ag level was 2.0 ng/mL as previously published. [4, 21] .
FDG PET (PET/CT) Imaging Protocol
FDG-PET/CT was used for the initial tumor survey. Patients fasted for 6 hours before scans and were then subjected to 370 to 444 MBq (10 to 12 mCi), with 18 F-FDG administered intravenously. An oral contrast agent was administered during uptake time. Next, PET/CT scans (Discovery ST; GE Healthcare) combining a 16-slice spiral CT scanner were performed. The patients were scanned from head to mid-thigh; lower limbs were scanned if indicated. A positive finding was defined as a focus of increased 18F-FDG uptake with intensity higher than that of the surrounding tissues, which was localized according to hybrid images in an area that did not correspond to the physiologic biodistribution of the radiotracer. Regions of interest (ROIs) were measured for lesions visible on PET images, as well as on simultaneously displayed axial, coronal, and sagittal tomograms.
[22] The standardized uptake value (SUV), a semi-quantitative measure of radiotracer uptake, was calculated according to the following formula: SUV = tissue radioactivity concentration [nCi/ mL]/[injected dose (mCi)/patient weight (g)].
[23] SUVmax was defined as the highest activity concentration per injected dose per body weight (kg) after correcting for radioactive decay. The SUVmax of the primary tumor (SUVtumor-max) was calculated as the maximum pixel SUV within a ROI encompassing the tumor. The SUVmax of the lymph nodes (SUVnodal-max) was calculated in suspected regions of the neck. The reference cutoff value of the SUVtumor-max was 8.6 and of the SUVnodal-max was 5.7. [22] . Table 2 . The associations between preoperative CRP, SCC-Ag, SUVtumor-max, SUVnodal-max and clinicopathologic parameters (n = 106). Follow-up
Patients were followed monthly during the first 6 months after treatment, every 2 months for the following 6 months, every 3 months during the second year, and every 6 months thereafter. The patients were subjected postoperatively to hemograms, blood chemistry measurements, chest x-rays, and CT or MRI analyses at the 3 rd , 6 th and 12 th month for the first year and then annually for the following 4 years. Patients who presented with abnormal clinical symptoms/signs or laboratory data underwent a bone scan and liver ultrasound for further evaluation.
Ethics Statement
The study was approved by the Institutional Review Board of Chang Gung Memorial Hospital, Linkou (IRB). The data (CRP Table 3 . The associations between preoperative CRP, SCC-Ag and clinicopathologic parameters (N = 106). Table 4 . The associations between preoperative SUVtumor-max/SUVnodal-max and CRP/SCC-Ag (n = 106). and SCC-Ag) were analyzed in retrospective manner. The information was recorded by the investigator in a manner that subjects could not be identified directly or through identifiers linked to the subjects. No informed consent was requested by the IRB.
Statistical Analysis
The following major variables were examined: CRP levels, SCC-Ag levels, SUV max of the primary tumor and neck lymph nodes, and clinical and pathological lymph node status. The statistical methods used included a univariate analysis with the chisquared test, and a univariate analysis of survival differences was performed using the log-rank test. A two-sided P value ,0.05 was considered statistically significant. These analyses were performed using the Statistical Package for the Social Sciences (SPSS) statistical software, version 19.0 (SPSS, Inc., Chicago, IL, USA).
Results
Patient Characteristics
Between June 2008 and August 2011, 106 consecutive patients (103 males; 3 females; mean age 54.3 years, range: 38-96 years) were newly diagnosed with PLC at our institute. The sites of their primary tumors, their clinical staging and the treatments they received are detailed in Table 1 . Three patients were excluded from survival analyses as they were lost to follow-up after receiving palliative treatment. Median follow-up period was 14.1 months (range, 0.8-40.8 months). Forty-four patients (41.5%) were disease-free during the follow-up period, 25 patients experienced recurrent disease (23.6%), 17 patients had a partial remission (16%), and 20 patients were stable. Sixteen patients died of their disease during follow-up. The mean serum CRP level prior to treatment was 16.93 mg/L (6 standard deviation (SD) 31.68), whereas the mean SCC-Ag level prior to treatment was 2.65 ng/ mL (6 SD 3.07). All patients also underwent FDG-PET prior to treatment; the mean SUVtumor-max was 13.05 (6 SD 6.31), and the mean SUVnodal-max was 8.75 (6SD 6.20).
Relationship between CRP level, SCC-Ag level, SUVtumormax and SUVnodal-max According to Clinicopathological Variables
The cutoff point for measurements of serum CRP level was set at 5.0 mg/L. A close association was observed between a higher CRP level (CRP$5.0 mg/L) and clinical stage (x 2 trend test: P = 0.005), clinical nodal status (x 2 trend test: P = 0.003), and tumor differentiation (x 2 trend test: P = 0.014) ( Table 2) . A close association was also observed between a higher SCC-Ag level (SCC-Ag $2.0 ng/ml) and clinical stage (x 2 trend test: P = 0.001), clinical tumor status (x 2 trend test: P,0.001), and clinical nodal status (x 2 trend test: P = 0.001). Furthermore, higher SCC-Ag levels were often accompanied by higher serum CRP levels (x 2 test: P = 0.006).
When the patients were divided into four groups according to individual pre-treatment levels of SCC-Ag and CRP, a close association was observed between higher levels of SCC-Ag ($2.0 ng/ml) and CRP ($5.0 mg/L) and clinical stage (x 2 trend test: P,0.001), clinical tumor status (x 2 trend test: P,0.001), and clinical nodal status (x 2 trend test: P,0.001) ( Table 3) . We next compared the association between CRP level, SCC-Ag level, SUVtumor-max and SUVnodal-max and found that the levels of CRP and SCC-Ag were not associated with SUVtumormax (linear regression, P = 0.070 and P = 0.425, respectively). However, a significant association between CRP level, SCC-Ag level and SUVnodal-max (linear regression, P = 0.023 and P = 0.043, respectively) was observed.
Similar results were also found in the analysis of SUV. When the patients were divided into 4 groups according to pre-treatment SUVtumor-max and SUVnodal-max values obtained by FDG-PET, a close association was observed between higher values of SUVtumor-max ($8.6) and SUVnodal-max ($5.7) and clinical stage (x 2 trend test: P,0.001), clinical tumor status (x 2 trend test: P,0.001), and nodal status (x 2 trend test: P,0.001). The associations between the 4 patient groups according to SUVtumor-max and SUVnodal-max and according to the pre-treatment levels of SCC-Ag and CRP were also analyzed and found to be significant (P = 0.019) (x 2 trend test: Table 4 ).
Combined CRP and SCC-Ag Levels and their Relationships with Prognosis
Regarding the clinicopathological factors influencing patient survival, only tumor status (P = 0.020) and CRP (P = 0.010) had significant influences on overall survival (OS) in the univariate analysis. We combined the CRP and SCC-Ag levels as a variable value for the analysis of prognosis, for which the patients were divided into four groups. For the analysis of all 103 patients in the study, the OS with higher SCC-Ag and higher CRP levels (n = 27) was significantly different to that with non-elevated levels of SCCAg and CRP (n = 76) (log-rank test, P = 0.016), although the disease-free survival (DFS) of patients was not significantly different between groups (log-rank test, P = 0.747).
Discussion
The Clinical Effects and Molecular Mechanism of SCC-Ag in PLC
The squamous cell carcinoma antigen (SCC-Ag) is a tumorassociated protein that was first isolated from SCC tissues of the uterine cervix. [24] Importantly, this antigen may promote tumorigenesis via a number of different mechanisms. For example, transduction of SCC-Ag into tumor cells has been shown to inhibit apoptosis and promote tumor cell survival, [25] and SCC-Ag can increase cell migration without affecting cell growth, which results in tumor invasion and metastasis. [25, 26] The pro-invasive characteristics of SCC-Ag have also demonstrated positive associations between serum SCC-Ag level and tumor progression, lymph node metastasis and tumor stage. [4, 27, 28, 29, 30, 31, 32] The present study also confirmed the positive relationship between SCC-Ag level and clinical stage, clinical tumor status, and clinical nodal status (P = 0.001, P,0.001, P = 0.001, respectively) ( Table 2) . In response to stimulation by epidermal growth factor, intracellular SCC-Ag has been shown to translocate to the plasma membrane, and exogenously expressed SCC-Ag then serves to increase cell migration without affecting cell growth. [33] Thus, SCC-Ag may play a role in tumor invasion and metastasis.
The Clinical Effects and Molecular Mechanism of CRP in PLC
Serum CRP level is a sensitive marker of inflammation that is elevated in response to tissue damage or infection and has been shown to be a prognostic factor in OSCC. [5, 8, 34] This acutephase reactive protein is produced primarily in the liver, and its expression is up-regulated by pro-inflammatory cytokines such as interleukin-6 (IL-6), interleukin-8 (IL-8) and tumor necrosis factor (TNF). [35] CRP level is elevated in chronic inflammatory environments, which may lead to excessive cell proliferation and subsequent accumulation of DNA damage. The host immune system responds to tumor growth via elevated levels of inflammatory cytokines, which may further increase CRP levels. [36, 37] .
Reports from the study of oral cavity SCC have suggested a relationship between CRP level and poor outcomes, pathological tumor status, nodal status and lymph node ECS. [8, 38, 39, 40] However, few studies have investigated the role of CRP in PLC. (Table S1 ) [38, 41, 42, 43, 44] The current study, which includes the largest number of patients, demonstrated that an elevated CRP level was associated with clinical tumor status (P = 0.005), clinical nodal status (P = 0.003) and differentiation of tumor cells (P = 0.014) in PLC, which is similar to previous findings with OSCC. [8] .
The Correlation between CRP, SCC-Ag and the SUVmax of FDG-PET FDG-PET has been increasingly applied in head and neck cancer patients for staging and for the study of tumor aggressiveness through the measurement of SUV. [22, 45, 46, 47, 48] Furthermore, studies have demonstrated that the SUVmax values of either the primary tumor or the neck lymph nodes are independent prognostic factors in cases of OSCC. [22, 49] Elevated levels of CRP and SCC-Ag were associated with SUVnodal-max (P = 0.017, P = 0.027, respectively), and the correlation between CRP and SCC-Ag levels were also significant in the current study (P = 0.006).
The combined measurement of SCC-Ag and CRP revealed a more significant correlation with clinical status than either SCCAg or CRP when used alone. The patient subgroup with positive (Table 3 ). The combined value of SCC-Ag and CRP was significantly correlated with the combined value of SUVtumor-max and SUVnodal-max (P = 0.019), which indicates that the preoperative levels of SCC-Ag and CRP together represent a valuable marker for the evaluation of tumor aggressiveness in PLC. When tumor cells proliferate rapidly, there is an increase in glucose consumption, which be observed as an increase in glucose uptake on a FDG-PET scan. The destruction of nearby tissue and lymph node metastasis is generally accompanied by tissue inflammation, and the infiltration of inflammatory cells and the production of cytokines, especially IL-6, increase the CRP level in the serum. In addition, T-lymphocytes located at the periphery of tumors serve to increase the production of SCC-Ag, [31] which causes accelerated tumor growth to be associated with elevated levels of SCC-Ag and CRP. Moreover, these changes were each reflected as an increase in the SUVmax via PET scan. According to our analyses, the combined use of these two serum markers represents an easy method to evaluate the aggressiveness of PLC tumors. Concerning the FDG-PET analysis, the SUVmax of the primary tumor mass has previously been shown to be related to differences in cellular grade and tumor aggressiveness. [50, 51] .
We further analyzed the significance of SCC-Ag and CRP in PLC and found no significant correlation between SCC-Ag level, DFS and OS in a univariate analysis (P = 0.675 and P = 0.313, respectively) ( Table 5 ). In addition, there was significant correlation between CRP level and OS (P = 0.010) but not DFS (P = 0.368) in the univariate analysis( Table 5 ). The combined value of SCC-Ag and CRP demonstrated a non-significant correlation with DFS (log-rank test, P = 0.747, Table 5 ) but a significant association with OS (log-rank test, P = 0.016, Table 5 ). The role of SCC-Ag in human cancers has been demonstrated in a number of clinical studies, [52, 53] which suggests that the serum SCC-Ag level is useful for evaluating responses to radiotherapy and chemotherapy and for predicting early recurrence. This may be related to the molecular role of SCC-Ag in protecting against tumor cell apoptosis. The elevation of CRP arises from the host immune responses to tumor growth with elevated inflammatory cytokines. [36] In patients who received chemo-radiation therapy, CRP is not only an indicator of the host response in the tumor microenvironment but also a reflection of tumor cell killing and local tissue damage [54] either by host or by treatment. From this study, when both SCC-Ag and CRP levels were elevated, the patients could be at risk of worse survival outcome. Further confirmatory studies with a larger number of patients and a longer follow-up period are required due to the limited sample size of the present study. In addition, the radiation responsiveness at different sub-sites should be stratified in a larger number of patients.
Conclusions
The present study demonstrated that the combined measurement of SCC-Ag and CRP levels served as a marker of clinical status in PLC and may represent a biomarker capable of predicting prognosis. However, further work is required to elucidate the precise molecular mechanisms for this observed interaction between SCC-Ag and CRP in PLC. As measurements of the levels of SCC-Ag and CRP can be performed quickly, inexpensively and repeatably in a clinical setting, we believe that the levels of SCC-Ag and CRP, as well as the combination of these two factors, could serve as relevant biomarkers of tumor aggressiveness prior to treatment in patients with PLC. 
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